This paper analyses the various ways of carrying out near infrared (1 -5 rim) multi-object spectroscopic studies in space. We show that ground-based observations would have limited results except in the 1 -1.5 p.m wavelength where large telescope of the 8m class would be approximately equivalent to a im in space. Beyond 2m, even an instrument such as the Adaptive-slit Near Infrared (ANIS) would be much more efficient Due to their position in space, the trathtional masks used in ground-based telescopes cannot be used. New technologies must be developed. Here, we present a multi-object spectrograph called ANIS based on micro-mirror arrays and designed for NGST PathFinder3. It would be able to perform a near infrared spectroscopic/photometric mini-survey of the sky over a few square degrees. Thanks to its large field of view, ANIS would be complementary to NGST. Its goal would be to probe the Universe in the 0 < z < 5 range and we can consider ANIS as a scientific precursor for the NGST
INTRODUCTION
Large ground-based telescopes can very efficiently observe in the visible range. They use the multi-object spectrograph (MOS) multiplexing capabilities to harvest an impressive high quality database (see for instance the CFRS' or the LDSS2). The development of the multiplexing techniques used by this kind of spectrograph answers to the desire of astronomers to observe spectroscopically a large number of objets simultaneously. One of the most obvious applications is the deep spectroscopic surveys of galaxies which allows to probe the high redshift universe. These remote galaxies are at the faintest limits of what can be obtained with large ground-based telescopes in a reasonable amount of time and with a good enough signal-to-noise ratio. Within these limits, we know that a few tens to a few hundreds high redshift galaxies lie in a given field of view of I arcmin. Compared to long-slit surveys, we can therefore save a large amount of time by observing them simultaneously. Note that the multiplexing capabilities of the HST are very low and follow-up observations with the lOm Keck telescope have been crucial to further analyze the fabulous Hubble Deep Field3 (Hl)F) of HST.
The next generation of ground-based MOS will extend the wavelength range in the near infrared up to 1.7 pm. The Near InfraRed (NW) range is crucial for the observation of high redshift galaxies. The main constraint comes from the redshift z. Assuming that high redshift universe is populated by young galaxies, the ultraviolet-visible flux emitted by young stars is shifted to the red and the observed wavelength follows = (1 + z). It is therefore scientifically crucial to be able to detect photons in the 1 -5 jim.
Unfortunately, the atmospheric absorption (essentially due to H20 and CO absorption bands) limits the observations to wavelengths below the H-band (X < 2.2 jim) with an efficiency decreasing when the wavelength increases (Fig. 1) . Beyond the K-band at 2.2 jim, the sky emission takes over and the background strongly increases. Moreover, OH emission lines from the upper atmosphere add to the atmospheric absorption to decrease the quality by cutting the observable domain.
These lines are variable in space and time and they severely hamper the spectroscopic observations of faint objects even if these lines are tabulated4. Thanks to its location in space, the Hubble Space Telescope (HST) is not limited by OH emission lines and the sky infrared background (1.0 -1.7 pm) is much lower than from the ground. However, the HST thermal emission is strongly increasing beyond X 1.7 pm and the HST background is greater than the ground one for X > 2im.
For the above reasons, we think it would be very important to develop near infrared multi-object spectrograph in space. In the following of this paper, we will first study quantitatively the advantages of space compared to ground-based NIR spectroscopy (section 2). In section 3, we will present the technical problems related to such projects and possible ideas to solve them. Finally, two applications will be presented, both related to the Next Generation Space Telescope (NGST) and we will shortly present their scientific objectives (section 4). 
A LOW INFRARED BACKGROUND IN SPACE
The infrared background of a space telescope is determined by the thermal emission of the telescope optics and by the zodiacal light. Two components are at play in the zodiacal light : the thermal emission simulated here by a diluted T=265K blackbody and a scattered component is characteristic of a 1AU orbit. At 3 AU from the sun, the zodiacal light is below by about one order of magnitude5. The ensemble is modelized by the following function z (A) = l.51x1OX3 + 6.0x108 Bk (265 °K)
where Z (A.) is in photons/cm2/seclpmlst and B (T) is the blackbody flux at T in the same unite. wavelength range and above an ecliptic latitude 45 0, the zodiacal light flux is approximately constant, we therefore assume that we observe above 45°. In the L2 option, the temperature of the telescope is about T0 =50K and the JR background is zodiacal light limited up to more than 10 pin (zodi50 et zodiac respectively merged in Fig. 2) . In a Low Earth Orbit option, present simulations performed at NASA8 show that a telescope with a passive screen may reach T0 150 °K. It would be very good to reach 120 K to optimize the performances in the 1 to 5 pin wavelength range. At T0 120 K, the IR background is zodiacal light limited up to 5 pin (zodi20 et zodi5O in Fig.2 ).
IR background -R=200
-zoac7 The infrared background of a low-temperature space telescope is only limited by the zodiacal light in the 1-Spnn wavelength range if T < 100 K and in the 1-10 un range if T < 50 K. if we need to further decrease the background we have to put the telescope farther away where the zodiacal emission is fainter. It clearly appears that such a space telescope would be able to reach exceptional performances which are impossible to ground-based telescopes.
TECHNOLOGICAL ASPECTS
We have shown in the previous sections how powerful a JR low-temperature space spectrograph would be. Adding to these performances the multiplexing capabilities of a multi-object spectrograph would be very tempting. Unfortunately, no satisfying technical solutions had been found and a space multi-object spectrograph was only a dream until recent development in optics and above all micro-optics lead to possible concepts.
INTEGRAL FIELD SPECTROSCOPY
We will not develop this technology in this paper. The Integral Field Spectroscopy (IFS) is based on the development of optical9 and microlens arrays'°". In an IFS, the fibres are put contiguously at the telescope focal plane (on the object we want to observe for a multi-object spectrograph) and cover the largest possible field of view. Unfortunately, two problems are still to be solved: i) the IFS field of view is rather limited and it would be very difficult to build a IFS witha larger than 1 arcmin field; ii) the transmission curves for infrared fibres is not as good as visible ones in the 2-5 pm range9. However, this last point efforts have not been considerably studied and progresses may be obtained in the next few years.
MULThOBJECT SPECTROSCOPY WITHMICRO MIRROR ARRAYS
Micro optics research is now mature enough to develop micro mirror arrays that will allow to build extremely versatile multi-object spectrographs. An instrument based upon this concept has been proposed to be installed onboard HST in . versatility of a MMA-based MOS, it is very easy to form a slit with a shape as complex as you need since each mirror can be moved independently . switching from a mask to another mask is done by a program as fast as 20 millisec.
. the digitalization of the mask is obvious and this would allow to communicate with and command to the MOS remotely for a space telescope but also for remote ground-based telescopes . This kind of device allows to minimize the exchange with the telescope is space, it is imaginable to favor an automatic survey mode where the micro mirrors are individually selected after imaging a field and playing with different criteria such as the magnitudes, the colors, the positions on board . In order to validate the new technologies which will be used to build a low-cost, high-performance NGST, tests are to be carried out. If a large number of tests can be performed on the ground, it would more efficient and safer to realize some of them in space (deployable screen, optics in micro-gravity, etc.). Besides, small-scale telescopes in real conditions will bring an invaluable experience and confidence to build NGST. The third NGST pathfinder (PF3), might be a 2m
telescope. Launched by a space shuttle on a Low Earth Orbit, it would be brought back after 3-6 months. However, it is necessary to show that the benefits/cost ratio is better for space pathfinders than ground-based ones. So far, NASA plans no fundings for a scientific instrument on board PF3.
With such a telescope, an instrument can be designed to perform high level astronomical objectives undoable elsewhere (ground or space). We plan to carry out a 1 -5 jm photometric and spectroscopic survey of the sky over a few square degrees which would only be limited by the zodiacal light. These objectives would provide more than 106 galaxies with an exceptional depth in magnitude and (Fig. 3 ) a redshift range (Figs. 4 and 5) complementary to NGST (0 < z < 5). We would valorize therefore PF3 and increase considerably the benefits/cost ratio by optimizing the NGST objectives.
Figs. 4 and 5 present the expected magnitudes for 108 et iO M< young (5 Myr old) galaxies. The Spectral Energy
Distributions'3 used here assume that all the stars formed simultaneously (instantaneous starburst). We would detect 108 M0 star formation regions up to z=5 inimagery in lh with S/N-10 and carry out the spectroscopy of 10 ML, galaxies up to z=5 with S/N-40. We must note, however, that these simulations do not take the extinction due to dust into account. The observations in the ultraviolet range of nearby starburst galaxies suggest an extinction of 1 mag'4"5 in ultraviolet (rest wavelength of 2000 A corresponding to 1pm at z=4).
Characteristics
In the following, we list the characteristics of PF3 with a MOS based on the micro-mirror technology. Some of the characteristics are not completely defined and will be determined after NASA decides ot not to build this PF3 and finalizes it.
. primary mirror 2m . Since NGST wavelength range is 1-5pm, we assume (pending on NASA decision, but NGST is diffractionlimited at 1pm) that NEXUS would be diffraction-limited at 5pm, which means that the resolution would be 0.6 arcsec.
. imaging : one 2k X 2k InSb detector with a 0.2x0.2 sq. deg field of view and a 0.3 arcsec sampling . spectroscopy : two 2k x 2k InSb detectors with spectral resolutions R =X I AX = 200 and R -1000 . aLEO orbit with a temperature T 120 °K -150°K . possibility to use ANIS in a spectro-coronographic mode by switching to "OFF" the micro-mirrors viewing luminous objects such as stars of AGNs. S Example of a 6-months survey : first pass with the following exposure times : lh in imagery (3 bands at 2, 3 and 4 pm) and lh in low-resolution spectroscopy (R=200) based on an automatic on-board selection of targets with a 6/ 3 sq. deg. Field; second pass with an exposure time of 5h in R=1000 spectroscopy after selection of objects and/or fields (TBD by the scientific team before launch).
Optical Design
A detailed optical design of the spectrograph is now under study. An interesting starting point is provided by the allreflective Schmidt spectrograph'6. By this concept, the camera mirror is spherical with its centre of curvature at the grating, at which is also located an image of the telescope pupil. Total freedom from all primary aberrations except field curvature is obtained by aspherical shaping of the reflective grating. The production of such gratings is well established. A plane grating is replicated onto a flexible submaster which has been polished flat in a state of null stress. By applying a predetermined, uniform air pressure inside the submaster, its surface obtains the required aspherical shape. The final grating is obtained by replicating this surface onto a suitable, rigid substrate.
off-axis version, avoiding the central obscuration'8 seen in Fig. 6 . An off-axis design has been made for the OSIRIS instrument, presently under construction and planned to fly on the ODIN space mission.
A MULTI-OBJECT SPECTROGRAPH FOR THE NGST
The NIR galaxy surveys in the NGST Design Reference Mission (DRM) call for a spectrograph which is able to simultaneously secure hundreds of high redshift galaxy spectra. Indeed, it would be highly desirable to identify the best technology that can address the formation and early evolution questions and the main programs of the NOST. On the one hand, NASA may launch studies devoted to the multi-object spectroscopy in space and the possible technologies that can be used to carry out the DRM goals. On the other hand, the NGST Task Force of ESA leaded by J.P. Swings concluded'9 that a spectrograph with multi-object and integral-field capabilities would be highly desirable and ESA will initiate a spectrograph study with the above characteristics with the aim of further identifying possible ESA contributions to NGST. 
